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ABSTRACT 

A  floristic  list  for  the  grassy  balds  of  Great  Smoky  Mountains 
National  Park  was  compiled  from  herbarium  collections  and  previous  studies 
encompassing  four  time  periods:   1930s,  1950s,  1960s,  and  1970s.  Of  the 
11  balds  for  which  data  was  available,  only  Andrews,  Gregory,  Spence  Field, 
Parsons,  and  Silers  Balds  were  sampled  consistently  enough  to  be  analyzed 
in  detail.   Two  hundred  ninety-three  vascular  plant  species  have  been 
reported  for  the  balds.   The  highest  number  of  species  (178)  was  reported 
in  the  1930s,  while  the  1960s  had  the  fewest  species  (155).   The  total  number 
of  species  reported  for  each  bald  varied  from  175  species  (Gregory  Bald) 
to  87  species  (Silers  Bald).   Species  richness  was  not  related  to  bald  size. 
There  was  no  consistent  difference  in  the  number  of  reported  forest  species, 
nor  was  there  a  significant  difference  in  the  number  of  exotics  reported 
in  the  four  time  periods.   Most  balds  probably  reached  peak  diversity  during 
the  1950s  and  1960s,  both  in  terms  of  herbaceous  and  woody  plants.   Although 
the  literature  reveals  a  great  increase  in  woody  cover  on  the  balds,  flor- 
istic records  show  a  relatively  constant  number  of  reported  woody  species 
on  each  bald  since  the  1930s.   The  species  are  patchily  distributed  on  balds. 
Each  species  occurred  on  an  average  of  1.99  balds  and  each  bald  showed  a 
species  turnover  of  approximately  30  percent  per  decade.   Coefficients  of 
community  are  highest  for  pairs  of  balds  that  are  close  geographically. 
There  are  several  sources  of  uncertainty  in  the  data  base  and  a  monitoring 
regime  will  have  to  be  established  to  enable  managers  and  biologists  to 
accurately  understand  the  floristic  change  now  in  progress. 

The  balds  support  rare  plants,  including  four  taxa  that  are 
restricted  to  balds  in  Great  Smoky  Mountains  National  Park  (Helianthemum 


Ill 

bicknellii ,  Rhododendron  "bakeri ,  Rhododendron  viscosum  var.  montanum,  and 
Salix  humilis  var.  microphylla) .   Nineteen  species  (6.5  percent  of  the 
balds  flora)  are  on  either  state  or  national  lists.   There  are  only  two 
known  extirpations  of  rare  plants  on  balds:   Helianthemum  bicknellii  and 
Geum  radiatum;  the  latter  persists  elsewhere  ir:  the  park.   Most  bald 
species  are  known  from  other  nongrassy  balds  habitats  in  Great  Smoky 
Mountains  National  Park. 
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INTRODUCTION 

The  grassy  balds  have  "been  one  of  the  most  thoroughly  studied  com- 
munity types  in  Great  Smoky  Mountains  National  Park  (GRSM).   These  high 
elevation,  treeless  communities  are  anomalous  in  the  sense  that  there  is  no 
climatic  treeline  at  this  latitude.   Hence,  interest  in  the  grassy  balds 
often  has  centered  on  whether  they  are  natural  or  ahthropogenic  in  origin 
(Wells  1937;  Camp  1931;  Billings  and  Mark  1957;  Mark  1958;  Gilbert  195^; 
Bruhn  196U;  Gersmehl  1970;  Lindsay  and  Bratton  1976,  1979a).   Some  of  these 
studies  have  also  included  detailed  information  on  the  vegetation  of  the 
balds  in  relation  to  site  factors  and  succ.essional  trends.   Despite  this 
widespread  interest  in  bald  origin  and  succession,  key  issues 
remain.   For  example,  apart  from  studies  of  woody  species  invasion,  the  over- 
all floristic  changes  now  occurring  on  the  balds  have  not  been,  thoroughly 
assessed.   These  floristic  changes  are  of  managerial  concern,  particularly 
with  regard  to  the  distribution  of  rare  plants. 

This  report  integrates  previous  studies  of  GRSM  grassy  balds  to  pro- 
duce (l)  a  basic  balds  flora,  past  and  present,  (2)  an  assessment  of  rare 
plants  in  the  balds  flora,  (3)  an  analysis  of  the  importance  of  exotic 
species,  and  (U)  an  evaluation  of  the  data  base  for  monitoring  continuing 
floristic  changes.   The  flora  of  the  balds  was  assessed  for  four  time 
periods:   1930s,  1950s,  1960s,  and  1970s.   Of  particular  interest  were: 
changes  in  the  number  of  species  present  (species  richness),  the  species/ 
area  relation  for  the  balds,  and  changes  in  habitat  preference  of  the  balds 
flora  (in  order  to  assess  the  role  of  succession  in  species  richness  and 
flux).   Although  the  grassy  balds  make  up  a  small  percentage  of  the  land- 
scape (ca  .015  percent  in  GRSM),  they  are  one  of  the  most  diverse  high 


elevation  community  types  in  GRSM  (Ramseur  i960);  this  report  assesses 
their  contribution  to  the  florist ic  diversity  of  the  park. 

GRSM  Grassy  Balds:   An  Overviev 

Ramseur  (i960)  recognized  three  types  of  balds:   grassy  balds,  shrub 
balds,  and  heath  balds.   Grassy  balds  are  dominated  by  grasses,  as  their 
name  implies.   Shrub  balds  are  dominated  by  mixtures  of  grassy  swards, 
shrub  colonies,  and  low  stature  trees.   Heath  balds  are  floristically  poor 
and  dominated  by  evergreen  shrubs  of  the  heath  family.   All  of  the  balds 
evaluated  here  are  "grassy  balds,"  in  Ramseur' s  sense  of  th*e  term,  although 
all  of  these  areas  have  been  invaded  by  trees  and  shrubs.   Some  areas  have 
been  termed  "fields"  because  their  origin  has  been  documented  as  both  rela- 
tively recent  and  anthropogenic  (these  are  the  "artificial"  balds  of  Gersmehl 
1970).   These  have  been  included  in  the  present  report.   On  the  other  hand, 
some  wooded  areas  with  grassy  understories ,  also  termed  "balds"  historically, 
were  not  included  in  this  analysis  (these  are  the  "nominal"  and  "forested" 
balds  of  Gersmehl  1970).   Burn  scars  and  heath  balds  were  likewise  not 
included  here. 

Gersmehl  (1970)  recognized  hk   balds  in  the  Great  Smoky  Mountains. 
Of  these,  17  were  "forested"  or  "nominal"  balds  and  six  were  located  outside 
the  national  park  boundaries.   Of  the  remaining  21  balds,  we  have  included 
17  here  (Table  1  and  Figure  l).   We  have  also  added  one  other  area  (Welch 
Bald)  for  a  total  of  18.   (Welch  Bald  is  now  separate  from  Silers  Bald,  but 
probably  was  once  part  of  that  bald;  see  Lindsay  and  Bratton  1979b.) 
remaining  four  balds  cited  by  Gersmehl  (1970)  include  three  "apparent" 
balds  (small  open  areas  which  Gersmehl  did  not  verify  as  grassy  balds;  Camel 
Gap,  Chiltoes  Mountain,  and  Inadu  Knob)  and  one  "historic"  bald  (Derrick 


Table  1.   List  of  GRSM  grassy  balds  with  approximate  size  in  1979  and 
average  elevation.   The  total  area  of  grassy  balds  (ca  30  ha) 
accounts  for  ca  .015  percent  of  the  GRSM  landscape.   For  information 
on  other  balds,  no  longer  open,  see  Gersmehl  (1970).   Data  are  from 
an  unpublished  map  prepared  by  Don  Stratton.   Total  species  lists 
could  only  be  assembled  for  five  balds;  however,  the  total  number  of 
species  is  based  on  all  balds  records  (see  footnote). 


Bald 


Area       Average  Elevation       No.  of 
(ha) ft . m Species 


Spence  Field 

Russell  Field 

Parsons  Bald 

Gregory  Bald 

Andrews  Bald 

Thunderhead  Mountain 
and  Rocky  Top2 

Mt .  Sterling 

Silers  Bald  and 
Welch  Ridge  Bald 

Little  Bald 

Welch  Bald1 


De  Armond  and  Blockhouse 
Mt.  Balds1 


8 

h.5 

3.5 

3 

3 

2 
2 

1.5 
1- 


High  Springs  Bald 


Other,  historically 

open  balds  < • 5 

(Hemphill  Bald,  Little 
Bald  Knob,1  Ledge  Bald) 


Total 


mean 


30.5   ha 

2.5  ha 


1+900 

11+90 

i+i+oo 

131+0 

1+700 

11+30 

1+900 

11+90 

5600 

1710 

51+00 

1650 

3500 

1680 

5500 

1680 

1+900 

11+90 

1+800 

ll+60 

5000 

1520 

51+00 

1650 

5100 


1550 


139 

90 

175 

ll+6 


87 


293 


Floristic  data  for  these  balds  were  not  available;  the  data  matrix 
is  based  on  the  other  thirteen  balds. 

The  data  for  certain  pairs  of  balds  were  summed  (Thunderhead  and 
Rocky  Top,  Silers  and  Welch  Ridge  Balds),  leaving  a  total  of  eleven  areas. 


Figure  1.   Distribution  of  grassy  balds  in  GRSM. 


Knob  or  Big  Chestnut  Bald).   Aerial  photographs  revealed  that  openings  were 
small  on  these  areas  and,  hence,  they  were  omitted  here.   One  of  them,  Derrick 
Knot>,  was  treated  as  a  shelter  clearing  by  Lindsay  and  Bratton  (1979b). 

There  are  eighteen  open,  at  least  partly  grass  dominated,  balds  and 
fields  in  GRSM  (Table  1  and  Figure  l).   The  largest  is  Spence  Field  (ca  8  ha), 
but  most  range  from  one  to  four  ha.   Together  the  balds  account  for  only  .015 
percent  of  the  GRSM  landscape  (Don  Stratton,  unpublished  vegetation  map). 
Balds  are  found  from  mid-elevations  (Russell  Field,  UU00  ft  [13^0  m] )  to 
high  elevations  (Andrews  Bald,  56OO  ft  [1710  m] )  on  exposed  ridge  crests 
(convex,  gently  to  steeply  sloping  topography).   The  balds  are  concentrated 
along  the  Tennessee-North  Carolina  state  line  in  western  GRSM  (only  four  of 
the  eighteen  balds  listed  in  Table  1  are  east  of  Newfound  Gap  and  only  five 
are  east  of  Clingmans  Dome). 

The  evidence  for  anthropogenic  origin  of  the  balds  is  strong,  but  in 
most  cases  circumstantial.   Extrapolation  from  the  mountains  of  New  England 
and  New  York  southward  predicts  that  treeline  at  the  latitude  of  the 
Southern  Appalachians  should  occur  between  7000  and  8000  feet  (2135  to  2UU0  m) 
(C.  Cogbill  and  P.  White,  unpublished  data).   This  is  higher  than  the  highest 
mountains  in  GRSM  (ca  6600  ft,  2010  m) ,  which,  indeed,  are  forested  to  their 
summits.   The  GRSM  balds  do  not  occur  at  the  highest  elevations  but  on 
summits  ca  1500  feet  (U60  m)  below  the  highest  elevations.   Although  the 
balds  are  found  in  only  a  limited  elevation  range  and  on  characteristic 
summit  topography,  they  occur  on  a  low  percentage  of  seemingly  appropriate 
sites.   Finally,  the  balds  have  a  documented  grazing  history  (Lindsay  and 
Bratton  1976)  and  some  of  them  have  known  anthropogenic  origins  (Lindsay 
and  Bratton  1979a). 
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Even  though  the  question  of  bald  origin  remains  a  controversial  one, 
two  facts  have  been  convincingly  demonstrated  "by  past  research:   (l)  grassy 
balds  are  universally  being  invaded  by  trees  and  shrubs  (Bruhn  196U;  Lindsay 
and  Bratton  1980)  and  (2)  when  the  National  Park  Service  took  over  management 
of  the  balds,  they  had  a  recent  history  of  livestock  grazing — that  is,  their 
state  at  the  time  of  park  establishment  in  the  1930s  was  largely  the  result 
of  this  grazing  history.   Andrews  Bald  was  grazed  until  1931,  Spence  Field 
until  1933,  and  Gregory  Bald  until  1936.   Since  the  mid-1930s,  the  balds  have 
been  steadily  decreasing  in  size  due  to  encroachment  by  woody  plants.   This 
successional  rate  of  woody  plants  is  slower  on  the  balds  than  on  pastures  at 
lower  elevations  (where  1930s  farm  fields  are  already  tree-covered).   However, 
if  present  trends  continue,  the  balds  will  be  covered  by  a  woody  canopy  in 
50  to  70  years  (Ramseur  1976;  Lindsay  and  Bratton  1980).   This  stiking  habitat 
change  is  a  primary  reason  for  the  assessment  of  floristic  changes  in  this 
report.   Descriptions  by  others  of  the  balds  flora  as  "unique"  and  in  need 
of  protection  were  also  important  in  our  undertaking  this  synthesis  of  balds 
data.   A  thorough  assessment  of  native  rare  plants  on  the  balds  is  particularly 
timely  for  park  managers. 

METHODS 

A  floristic  list  for  GRSM  grassy  balds  was  compiled  from  published 
-papers  (Wells  1939;  Lindsay  1979b),  Ph.D.  dissertations  and  Masters  theses 
(Bruhn  I96U ;  Gilbert  195^;  Mark  1958),  unpublished  field  data  (of  the  authors 
and  others,  see  below),  and  herbarium  specimens.   Species  were  recorded  as 
present  or  absent  in  four  time  periods:   (l)  "1930s"  (1930-19^5),  (2)  "1950s" 
(1950-1960),  (3)  "1960s"  (1969-1970),  and  (U)  "1970s"  (1970  to  the  present). 
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Only  two  studies,  Bruhn's  (196U)  study  of  Andrews  Bald,  Gregory  Bald,  and 
Spence  Field,  and  Gilbert's  (195M  study  of  Andrews  Bald,  Gregory  Bald, 
Spence  Field,  Parsons  Bald,  and  Silers  Bald,  claimed  to  include  complete 
floristic  lists  for  individual  balds  (however,  additions  were  made  to  both 
of  these  lists  from  herbarium  collections  of  the  same  time  period).   Unpub- 
lished data  of  M.  Lindsay,  H.  Tatelman  (I97U)  and  R.  H.  Whitaker  (1962)  were 
used.   In  addition,  herbaria  at  the  Great  Smoky  Mountains  National  Park, 
University  of  Tennessee,  Duke  University,  and  the  University  of  North  Carolina 
were  examined  for  grassy  bald  records.   Herbarium  records  citing  locales  as 
"vicinity  of"  or  "near"  balds  were  not  included. 

Some  balds  have  received  more  botanical  attention  than  others.   The 
thirteen  balds  for  which  specific  records  were  available  were  included  in 
the  primary  list  (see  Table  1),  but  only  five  (Andrews  Bald,  Gregory  Bald, 
Spence  Field,  Parsons  Bald,  and  Silers  Bald)  were  sampled  consistently  and 
completely  enough  to  be  analyzed  in  terms  of  the  four  time  periods  of  interest. 

The  floristic  lists  were  compiled  from  the  work  of  many  different 
investigators.  Although  it  is  relatively  easy  to  document  the  presence  of 
a  particular  species  on  a  bald,  its  absence  on  a  neighboring  bald  or  at  a 
different  time  on  the  same  bald  may  be  attributable  to  incomplete  sampling, 
taxonomic  disagreements  between  investigators,  or  disagreements  over  how  the 
"edge"  of  the  bald  was  defined,  in  addition  to  actual  local  species  flux. 
Much  of  the  data  is  from  ecological  work  in  which  the  balds  were  sampled 
rather  than  thoroughly  inventoried  (the  exceptions  being  the  aforementioned 
floristic  lists  of  Gilbert  [195M  and  Bruhn  [196U]). 

In  additon  to  presence/absence  data  for  each  bald,  general  ecological 
data  were  aljo  assembled.   Plants  were  classified  as  characteristic  of 


predominantly  open  areas,  forested  areas,  or  found  in  both  open  and  closed 
habitats  (see  habitat  descriptions  in  Radford  et  al.  1968  and  White  1982). 
Rare  plants  (from  unpublished  data  of  P.  White)  and  exotic  species  were 
noted. 

Nomenclature  follows  White  (1982).   Nomenclatural  revision  was  fre- 
quently needed  for  the  older  literature.   In  addition,  records  for  some 
species  considered  to  be  doubtful  were  dropped  from  the  list  (those  species 
which  were  not  known  to  occur  in  GRSM  and  were  not  documented  by  herbarium 
specimens).   Ecologists  often  had  to  work  with  sterile  specimens  while 
sampling;  this  accounts  for  some  of  the  misidentifications  and  also  of  the 
citation  of  "Aster  spp.  ,"  "Carex  spp.  ,"  "Solidago  spp.,"  "Vaccinium  spp.," 
"Viola  spp.,"  and  the  like.   In  all,  38  species  were  eliminated  from  the 
lists,  lumped  with  other  species,  or  redetermined. 

The  data  were  analyzed  using  the  Statistical  Analysis  System  (SAS 
Institute,  1979)  available  at  the  University  of  Tennessee  Computing  Center. 

RESULTS 

Floristics 

Two  hundred  ninety-three  vascular  plant  species  have  been  reported 
for  GRSM  grassy  balds  (Table  2  and  Appendix  l).   The  balds  flora  is  made  up 
of  the  following  plant  categories:   herbaceous  angiosperms  {73.1%),   woody 
plants  (22.5$),  and  pteridophytes  {5.1%).      These  percentages  approximate 
those  for  the  flora  of  GRSM  as  a  whole — woody  plants  and  pteridophytes  are 
slightly  over-represented  and  the  herbs  are  slightly  under-represented  (see 
Table  2).   The  seven  largest  families  on  the  balds  are:   Asteraceae  (53 
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Table  2.   Summary  statistics  of  the  GRSM  grassy  balds  flora 
(data  for  the  total  park  flora  taken  from  White  1982). 


Total  Species 

Exotic  Species 

Percent 

Percent 

Percent 

Percent 

No.  of 

in  balds 

in  GRSM 

No 

.  of 

in  balds 

in  GRSM 

Group 

Species 

flora 

flora 

Species 

flora  * 

flora 

Herbaceous 

angiosperms 

i   216 

73. 7 

75.0 

30 

13.9 

16.1 

Woody  plants 

66 

22.5 

21.0 

0 

0 

23.0 

Pteridophytes 

11 

5.8 

k.O 

0 

0 

0 

Total 

293 

30 

10.2 

20.0 
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species,  Poaceae  (22  species),  Ericaceae  (20  species),  Cyperaceae  (19 
species),  Rosaceae  (l6  species),  Liliaceae  (11  species),  and  Violaceae  (12 
species).   Five  of  these  seven  families  are  also  five  of  the  six  largest 
families  in  the  park's  flora  as  a  whole  (White  1982).   The  rank  order  of 
families  on  balds  is  different  from  their  rank  order  in  the  total  GRSM  flora. 
The  Ericaeae  (third  most  important  balds  family  but  eleventh  in  the  flora  as 
a  whole)  and  Violaceae  (seventh  most  important  balds  family  but  fourteenth 
in  the  flora  as  a  whole)  were  relatively  more  important  on  balds,  and  the 
Fabaceae  (sixteenth  most  important  balds  family  but  fifth  most  important  in 
the  flora  as  a  whole)  was  relatively  unimportant  on  balds. 

The  balds  flora  includes  30  exotic  species  (10.2$).   This  is  just 
over  one-half  the  percentage  exotic  species  in  the  GRSM  flora  as  a  whole 
(Table  2).   Exotic  herbs  are  slightly  over-represented  and  exotic  woody 
plants  are  strongly  under-represented  on  the  balds. 

Two  categories  of  rare  plants  occur  on  the  balds:   (l)  those  on 
national  or  state  endangered  and  threatened  plant  lists  (Ayensu  and 
DeFillips  1978:  US  Fish  and  Wildlife  Service  1980 ;  Committee  for  Tennessee 
Rare  Plants  1978;  Cooper  et  al.  1977),  and  (2)  those  rare  in  GRSM  but  not 
regionally  or  nationally  listed  (Table  3).   The  grassy  balds  flora  includes 
19  listed  species  (6.5$  of  the  balds  flora)  and  eight  additional  park  rare 
plants  (3.0$  of  the  balds  flora).   The  listed  balds  plants  contribute  lk.6 
percent  of  all  GRSM  listed  plants.   Of  the  19  listed  species,  seven  are  rare 
in  the  park,  for  a  total  of  15  rare  balds  species  (5$  of  the  balds  flora). 

Four  taxa  are  restricted  in  GRSM  to  balds:   Bicknell's  rock  rose 
(Helianthemum  bicknellii) ,  Cumberland  azalea  (Rhododendron  bakeri) ,  Mountain 
clammy  azalea  .  (Rhododendron  viscosum  var .  montanum) ,  and  dwarf  gray  willow ' 
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Table  3.   Listed  species  (from  White,  unpublished  data)  and  rare 
species  in  the  grassy  balds  flora  in  GRSM. 


Species 


Category  or  State 

of  Listing  Restricted  to 

(TN  =  Tennessee  Rare  in   grassy  balds 

NC=North  Carolina)  GRSM      in  GRSM 


Listed  Species 

Abies  fraseri 

Cacalia  rugelia 

Carex  misera 

Carex  ruthii 

Clintonia  borealis 

Gaylussacia  ursina 

Geum  radiatum 

Glyceria  nubigena 

Helianthemum  bicknellii 

Hieracium  scabrum 

Hypericum  graveolens 

Hypericum  mitchellianum 

Platanthera  psycodes 

Polygonum  cilinode 

Prenanthes  roarensis 

Pycnanthemum  montanum 

Rhododendron  bakeri 

Rubus  idaeus  var.  canadensis 

Stachys  clingmanii 
Additional  Park  Rare  Plants 


TN 
National,  NC 
National,  NC ,  TN 

TN 

TN 

TN 
National,  NC,  TN 
National,  NC ,  TN 

TN 

TN 

TN 

TN 

TN 

TN 
National,  NC 

TN 
National,  NC 

NC 

TN 


Bartonia  virginica 
Castillega  coccinea 
Drosera  rotundifolia 
Lespedeza  capitata 
Rhododendron-hybrid  complex 
Rhododendron  viscosum  var.  montanum 
Salix  humilis  var.  microphylla 
Triosteum  aurantiacum 


x 
x 

X 


X 
X 


X 
X 
X 

X 
X 
X 

X 

X 


X 


X 
X 
X 
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(Salix  humilis  var.  microphylla) .   All  of  these  species  occur  or  occurred  on 
Gregory  Bald;  in  addition,  the  hybrid  azalea  complex  on  Gregory  Bald  is 
unique  in  the  park.  Bicknell's  rock  rose  (Helianthemum  bicknellii)  has  not 
been  seen  since  its  original  collection  in  GRSM  in  193*+,  despite  searches  for 
it  on  Gregory  Bald  by  a  number  of  botanists.   It  has  been  reported  in  the 
literature  for  Andrews  Bald,  but  no  specimen  exists.   Mountain  avens  (Geum 
radiatum)  has  been  collected  from  only  two  sites  in  GRSM:   Mt .  LeConte  and 
Gregory  Bald.   The  former  population  survives,  but  the  Gregory  Bald  site  has 
not  been  rediscovered.   In  addition  to  these  restricted  species,  balds  are 
significant  in  the  GRSM  distribution  of  the  following  species:   Ruth's  sedge 
(Carex  ruthii) ,  Smoky  Mountain  manna  grass  (Glyceria  nubigena) ,  rough  hawk- 
weed  (Hieracium  scabrum) ,  mountain  St .  Johnswort   (Hypericum  graveolens) , 
Mitchell's  St.  Johnswort  (Hypericum  mitchellianum) ,  hairy  climbing  buckwheat 
(Polygonum  cilinode),  and  Roan's  rattlesnake  root  (Prenanthes  roanensis). 

The  grassy  bald  flora  in  GRSM  is  unrelated  to  the  above  treeline, 
alpine  flora  of  the  high  mountains  of  New  York  and  New  England  (Table  h) . 
Although  Southern  mountain  endemics  are  present  [including  the  GRSM  endemics 
(Smoky  Mountain  marina  grass  (Glyceria  nubigena)  and  Rugel ' s  ragwort 
(Cacalia  rugelia)],  only  one  is  limited  in  GRSM  to  grassy  balds:   Cumberland 
azalea  (Rhododendron  bakeri).   The  grassy  balds  flora  is,  in  general,  a  mixture 
of  species  from  other  habitats  in  the  park.   Although  the  grassy  balds  are  . 
distinctive  in  general  appearance,  their  flora  is  not  composed  of  unique 
elements,  except  for  those  already  noted. 

Only  five  of  the  grassy  balds  have  been  inventoried  thoroughly  and 
consistently  enough  for  complete  species  lists:   Spence  Field,  Andrews  Bald, 
Parsons  Bald,  Gregory  Bald,  and  Silers  Bald.   The  two  most  diverse  balds  are 
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Table  h.      Distributions  in  the  GRSM  grassy  balds  flora. 


No 

.  species 

Percent 

of 

re: 

stricted  to 

Distributional 

No.  of 

grassy  balds 

grassy  balds 

Category 

Species 

flora 

in 

GRSM 

GRSM  Endemics 

2 

•  T 

0 

Southern  Appalachian 

Endemics 

31 

10.6 

3 

New  York-New  England 

Alpine  Flora 

0 

0 

0 

Northern  Species 

33 

11.3 

1 

Other 

197 

67.2 

2 

Exotics 

30 

10.2 

0 

Total  293        100 
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Gregory  Bald  (175  species)  and  Andrews  Bald  (1^6  species).   There  is  no 
correlation  of  species  richness  with  bald  size  (areal  extent)  or  elevation 
(see  Table  l) . 

The  highest  species  total  for  any  one  time  period  was  that  reported  in 
the  1930s  (178  species);  the  lowest  number  was  reported  in  the  1960s  (155 
species)  (Table  5)-   The  1930s  also  had  the  highest  total  of  unique  species 
(species  not  reported  in  any  of  the  other  time  periods — Table  5)-   The  cumu- 
lative number  of  species  reported  for  GRSM  balds  has  continued  to  increase, 
but  with  a  lowering  of  the  percent  increase  from  the  1950s  (36%  increase 
over  1930s)  to  the  1970s  (a  6.5%   increase  over  the  1960s).   Exotic  species 
did  not  vary  significantly  between  time  periods.   The  number  of  reported 
forest  herbaceous  plants  and  woody  plants  fluctuated,  but  the  available 
records  do  not  indicate  any  strong  trends  from  the  1930s  to  the  1970s. 

On  most  balds,  the  number  of  reported  species  reached  a  maximum  in 
the  1950s  and  1960s  (Figure  2).   For  example,  27  percent  more  species  were 
reported  for  Andrews  Bald  in  the  1960s  than  in  either  the  1930s  or  1970s. 
This  pattern  is  reflected  in  both  the  herbaceous  and  woody  species.   Gregory 
Bald  is  the  only  exception,  showing  a  continued  increase  in  the  reported 
herbaceous  flora  into  the  1970s. 

In  general,  species  were  inconsistently  reported  in  the  four  time 
periods  for  individual  balds.   An  average  of  35  percent  of  the  species 
reported  for  Andrews  Bald,  Gregory  Bald,  and  Spence  Field  in  any  given  time 
period  were  reported  for  the  first  time  in  that  time  period;  an  equivalent 
number  was  reported  for  the  last  time  (Table  6).   As  with  the  data  set  as  a 
whole,  unique  records  were  more  frequent  in  the  first  and  last  time  periods. 
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Figure  2.   Changes  in  the  number  of  species  reported  for  five  GRSM  grassy 

balds:   A.   Total  species.   B.   Herbaceous  species.   C.   Woody  species. 


A  =  Andrews  Bald 
G  =  Gregory  Bald 

Sp  =  Spence  Field 
P  =  Parsons  Bald 

Si  =  Silers  Bald 
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Coefficients  of  community  were  computed  to  determine  the  degree  of 
similarity  among  balds  at  the  four  time  periods  (Table  7)  and  among  the  balds 
for  the  complete  species  lists  summed  for  all  time  periods  (Table  8).   Co- 
efficient of  community  measures  similarity  based  only  on  presence/absence 
data;  no  data  on  ecological  importance  or  dominance  of  the  species  is 
incorporated.   Hence,  this  analysis  differs  from  and  is  not  comparable  to 
the  ordinations  produced  by  Lindsay  and  Bratton  ( 1979b).   The  coefficient  of 
community  is  computed  as: 

m        2   x  (AB) 
LL  (A  +  B)      X  ±UU 

where  AB  is  the  number  of  species  shared  between  the  areas  A  and  B,  A  is 

the  total  number  of  species  found  in  area  A,  and  B  is  the  total  number  of 

species  found  in  area  B  (Whittaker  1975) • 

Table  7  compares  the  balds  at  separate  time  periods.   The  coefficients 
of  community  range  from  0  (Silers  and  Parsons  Balds  shared  no  reported 
species  in  the  1930s)  to  79«^5  (Gregory  and  Parsons  Balds  in  the  1950s). 
The  highest  values  (most  floristic  similarity)  occur  between  different  time 
periods  for  the  same  bald,  although  certain  bald  combinations  frequently 
score  a  coefficient  of  community  around  50  (Andrews  and  Spence,  Andrews  and 
Silers,  Gregory  and  Spence,  Gregory  and  Parsons,  Spence  and  Parsons,  Spence 
and  Silers).   These  inter-bald  relationships  were  strongest  during  certain 
decades.   For  example,  the  1950s  composition  of  Spence  Field  is  most  related 
to  the  1950s  composition  of  other  balds. 

When  the  summed  species  lists  are  compared  (Table  8),  the  coefficients 
of  community  range  from  39.30  (Andrews  and  Parsons)  to  61.30  (Gregory  and 
Parsons).   The  higher  values  are  reported  for  balds  which  are  geographically 
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Table  8.  Coefficients  of  community  for  the  summed  species  lists 
for  the  five  most  studied  balds. 


Coefficient  of  Community 

Andrews  Gregory  Spence  Parsons  Silers 

Andrews         50. 6k  56.00  39-30  5^.87 

Gregory  61.23  61.30  h5.lh 

Spence                            53-57  55-20 

Parsons  -i —  ^3.^3 

Silers  
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close  to  one  another.   The  lowest  similarities  are  "between  Parsons  Bald 
(the  westernmost  bald)  and  Andrews  and  Silers  Balds  (the  easternmost  balds 
in  this  matrix) . 

Thirty-one  species  were  found  on  all  five  balds  and  an  additional 
twenty-three  species  were  found  on  four  of  the  five  balds  (Tables  9  and  10). 
Andrews  Bald  (with  32)  and  Gregory  Bald  (with  36)  had  the  highest  number  of 
unique  species.   Among  the  species  unique  to  Andrews  Bald  are  high  elevation 
plants  (e.g.,  Abies  fraseri,  Cacalia  rugelia,  Glyceria  nubigena,  Oxalis 
montana,  Picea  rubens,  and  Rubus  idaeus  var.  canandensis)  and  wetlend  plants 
(e.g.,  Carex  crinita,  Drosera  rotundifolia,  and  Solidago  patula).   (Andrews 
Bald  is  the  only  one  of  the  five  balds  with  a  seepage  marsh.)   Among  the 
species  unique  to  Gregory  Bald  are  the  rare  plants  already  discussed, 
cockspur  hawthorn  (Crataegus  crus-galli)  and  arrowwood  (Viburnum  dentatum) . 
Table  9  serves  to  underscore  the  pathiness  of  plant  distribution  on  the 
grassy  balds — 3k   percent  of  the  balds  flora  is  found  on  only  one  of  the  five 
balds.   Only  19  percent  of  the  flora  has  been'  reported  from  four  or  more  of 
the  five  balds. 

DISCUSSION 

The  GRSM  grassy  balds  flora  is  not  in  equilibrium.  Historic  photo- 
graphs and  research  studies  allow  us  to  construct  the  following  outline  of 
changes  in  overall  grassy  bald  floristics  (see  also  Bruhn  196k;   Gershmel 

1970 i  Lindsay  1978); 

(1)  Most  balds  were  used  as  upland  pastures  until  the  mid-1930s. 
Historic  photographs  show  a  close-cropped  grass  sward,  low  woody  plant 
cover,  and  a  seemingly  low  species  richness.   However,  herbarium  specimens 
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Table  9.   Frequency  of  the  GRSM  balds  flora:   A  summary  for  the 
five  most  studied  balds. 


Number  of  Balds 
of  Occurrence 


Number  of  Species 


Cumulative  Total 
Species 


All  5  balds 

31 

h   balds 

23 

3  balds 

36 

2  balds 

77 

1  bald: 

100 

Andrews 

bald 

only 

32 

Gregory 

Bald 

only 

36 

Spence  ] 

Field 

only 

19 

Parsons 

Bald 

only 

7 

Silers  ] 

Bald  < 

:>nly 

6 

31 

90 
167 
267 
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Table  10.   Species  reported  for  four  or  more  of  the  five  most 
studied  balds. 


Known  from  five  Balds 

Acer  rub rum 
*Agrostis  alba 

Amelanchier  laevis 

Betula  lutea 

Carex  debilis 

Carex  normalis 

Carex  pensylvanica 

Crataegus  macrosperma 

Danthonia  compressa 

Danthonia  spicata 

Dennstaedtia  punctilobula 

Fagus  grandifolia 

Fragaria  virginica 

Houstonia  purpurea 

Houstonia  serpyllifolia 

Juncus  tenuis 

Kalmia  latifolia 

Lysimachia  quadrifolia 

Luzula  echinata 
*Phleum  pratense 

Potentilla  canadensis 

Prunella  .vulgaris 

Prunus  pensylvanica 

Rhododendron  catavbiense 

Rubus  canadensis 
*Rumex  acetosella 

Solidago  spp. 

Stachys  clingmanii 

Vaccinium  constablaei 

Viola  spp. 

Viola  sagittata 


Known  from  four  Balds 

* Achillea  millefolium 

Agrostis  scabra 

Athyrium  asplenoides 

Botrychium  dissectum 
*  Chrysanthemum  leucanthemum 

Cuscuta  rostrata 

Epigaea  repens 

Gentiana  decora 

Hieracium  paniculatum 

Hieracium  scabrum 

Lilium  superbum 

Lyonia  ligustrina 

Oxydendrum  arboreum 

Pinus  pungens 

Prenanthes  trifoliata 

Quercus  rubra 

Rhododendron  calendulaceum 

Sambucus  canadensis 

Smilax  rotundifolia 

Solidago  arguta 

Solidago  bicolor 

Sorbus  americana 

Vaccinium  vacillans 

(incl.  some  V.  pallens) 


*Exotic  species 
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document  the  presence  of  a  fair  diversity  in  the  1930s,  including  31  woody- 
species  . 

(2)  Termination  of  grazing  resulted  in  local  increases  in  plant 
populations,  and  an  increasing  dominance  by  woody  plants.   The  increase  in 
woody  plant  cover  became  obvious  in  the  19^+0s  and  1950s  and  continues  to 
the  present.   Both  a  real  and  an  apparent  increase  in  species  richness  was 
noted  during  this  period:   real  in  the  sense  that  species  have  invaded  and 
continue  to  invade  balds  from  surrounding  forest,  and  apparent  in  the  sense 
that  species  already  present  on  the  balds  flowered  more  vigorously  and 
increased  local  population  size.   For  example,  herbarium  specimens  show 
that  blueberries  (Vaccinium) ,  hawthorns  (Crataegus) ,  and  other  woody  plant 
"invaders"  of  the  balds  were  already  present  on  most  balds  in  the  1930s, 
although  they  became  more  important  after  grazing  stopped. 

(3)  Completion  of  shrub  and  tree  cover  is  now  under  way  on  the  balds. 
This  stage  is  ongoing.   From  studies  of  balds  and  the  surrounding  forest 

(P.  White,  unpublished  data),  we  can  hypothesize  the  following  trends: 
(a)  Loss  of  light -demanding  species  through  successional  competition  and  the 
creation  of  a  woody  plant  cover;   (b)  a  continued  gain  of  forest  habitat 
species  from  surrounding  forests  (note,  however,  that  forest  understory 
species  are  often  conservative  in  reproductive  strategy  and  hence  slow  to 
invade  new  areas);  and  (c)  a  decline  in  flowering  displays  (most  of  the  showy 
flowering  species  are  characteristic  of  the  open  bald  and  not  forest  under- 
stories).   Because  the  species  loss  on  balds  will  outweigh  the  gain  of  forest 
habitat  species  (the  forest  species  richness  around  the  balds  is  lower  than 
the  richness  of  the  balds  themselves)  and  because  the  gain  of  species  is 
likely  to  be  slower  than  the  loss,  it  is  likely  there  will  be  a  net  decrease 
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in  local  species  richness  as  succession  proceeds  on  the  "balds.   This  is  one 
of  the  reasons  why  the  National  Park  Service  has  proposed  managing  two  of 
the  grassy  balds  (Andrews  and  Gregory)  as  open  or  semi-open  areas. 

These  trends  suggest  that  peak  diversity  and  peak  flowering  displays 
on  grassy  balds  occurred  in  the  1950s  to  1960s  period.   Livestock  grazing 
itself,  though  the  historic  agent  that  kept  balds  open  (Lindsay  and  Bratton 
1976)  ,  retarded  flowering  displays  and  kept  species  richness  at  a  moderate 
level.   The  period  between  grazing  pressure  and  complete  woody  plant  cover 
has  been  unique  for  its  flowering  displays  and  species  richness.   Judging 
from  the  data  available,  this  period  will  have  lasted  in  GRSM  *from  ca  1930- 
2020,  if  present  trends  continue.   However*  the  peak  of  flowering  displays 
probably  occurred  early  in  the  successional  period  and  are  now  in  a  decline 
phase.   A  similar  time  course  has  been  noted  for  balds  at  Craggy  Gardens 
along  the  Blue  Ridge  Parkway  (G.  Smathers,  personal  communication). 

Given  this  history  and  dynamics,  it  is  not  surprising  that  the  grassy 
balds  flora  is  patchily  distributed  in  both  time  and  space.   There  are  three 
reasons  for  this  heterogeneity.   (l)  Each  bald  possesses  different  eleva- 
tional,  geographic,  and  habitat  elements.   Andrews  Bald,  for  example,  has  a 
numbei  uf  distinctive  species  because  it  is  the  highest  elevation  bald,  it 
is  contiguous  to  spruce-fir  forest,  and  it  contains  a  unique  wetland  habitat. 
As  previously  shown,  the  balds  tend  to  be  most  similar  in  total  florist ic 
::tx3.  iticn  to  those  balds  that  are  geographically  near.   (2)  The  balds  are 
-  ltinuiii/  ,0  gain  and  lose  species  as  succession  proceeds.   (3)  Each  bald 
probably  had  a  somewhat  different  disturbance  history.   For  instance,  there 
are  no  obvious  environmental  reasons  why  Gregory  Bald  should  be  the  most 
diverse  of  the  balds,  nor  why  it  should  possess  the  highest  total  of  unique 
species.   Historic  factors  particular  to  Gregory  Bald  probably  are  involved. 
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The  grassy  balds  are  island-like  habitats,  both  because  they  occupy 
mountain  summits  and  because  they  are  open  habitats  surrounded  by  closed 
forest.   This  led  us  to  test  the  hypothesis  that  the  balds  flora  fits  the 
principles  of  island  biogeography  (MacArthur  and  Wilson  1967 »  Johnson  1975)* 
These  principles  suggest  a  dynamic  equilibrium  of  invasion  and  extirpation 
such  that  species  richness  is  predictable  from  island  size.   The  available 
data  from  the  five  most  studied  balds  in  GRSM,  however,  show  no  clear  rela- 
tionship between  bald  area  and  species  richness.   Neither  could  we  uncover 
such  a  relationship  for  the  past  time  periods.   Although  the  data  show 
changes  in  the  species  composition  through  time,  these  changes  cannot  be 
explained  by  the  equilibrium  model  of  island  biogeography.   Non-equilibrium 
forces,  such  as  release  from  grazing  or  succession,  probably  are  more 
important . 

It  is  likely  that  some  of  the  species  flux  between  time  periods  is 
more  apparent  than  real,  and  some  of  the  heterogeneity  between  balds  at  a 
given  time  period  may  also  be  attributable  to  sampling  error.   The  1930s  data 
are  based  on  herbarium  collections  and  short  lists  for  individual  balds 
found  in  Wells  (1937)-   The  1970s  data  are  based  on  ecological  subsampling 
of  the  balds,  although  herbarium  specimens  also  contribute  to  the  lists. 
Data  for  the  1950s  and  1960s  included  complete  floristic  inventories  for 
five  balds,  ecological  sampling,  and  some  herbarium  records.   One  of  the 
conclusions  from  this  analysis  is  that,  despite  the  long  history  of  balds 
research,  certainty  can  only  be  gained  through  further  permanent  plot  estab- 
lishment.  The  data  available  in  the  literature  are  strong  in  terms  of  com- 
munity composition  and  succession;  they  are  weak  in  terms  of  total  floristics 
and  rare  plant  distributions.   The  use  of  permanent  plots  for  complete 
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floristic  inventories  of  selected  grassy  "balds  at  10-  or  20-year  intervals 
would  aid  our  understanding  of  changes  in  species  composition  through 
time. 

Despite  this  uncertainty,  tvo  real  extirpations  probably  have  occurred 
on  grassy  balds:   the  loses  of  Bicknell's  rock  rose  (Helianthemum  bicknellii) 
and  mountain  avens  (Geum  radiatum)  from  Gregory  Bald  are  attributed  to  habitat 
change  on  that  bald.   The  hybrid  azalea  complex,  including  the  parental  types 
Cumberland  azalea  (Rhododendron  bakeri)  and  mountain  clammy  azalea 
(R.  viscosum  var.  montanum) ,  are  also  threatened  by  continued  succession. 
This  azalea  complex  may  be  as  much  the  result  of  human  disturbance  (in  terms 
of  bald  expansion)  as  it  is  threatened  by  indirect  anthropogenic  disturbance 
(through  continued  succession).   In  addition,  d^arf  gray  willow  (Salix 
humilis  var.  microphylla)  is  a  final  taxon  whose  presence  in  GRSM  is  dependent 
on  preventing  grassy  bald  succession.   The  proposed  management  of  Gregory 
Bald,  providing  it  is  done  with  the  autecology  of  these  species  in  mind, 
should  prevent  any  further  extirpation  in  GRSM  due  to  grassy  bald  succession. 

Other  grassy  balds  rare  plants  are  known  from  other  native,  non-grassy 
balds  habitats.   In  fact,  several  of  these  plants  may  now  be  found  in 
"abnormally"  large  populations  due  to  the  expansion  of  open  grassy  habitats 
in  the  l800s.   These  include:   Smoky  Mountain  manna  grass  (Glyceria  nubigena) ; 
a  GRSM  endemic  also  spreading  along  the  Clingmans  Dome  road,  rough  hawkweed 
(Hieracium  scabrum) ,  mountain  St .  Johnswort  (Hypericum  graveolens) ,  Mitchell ' s 
St .  Johnswort  (Hypericum  mitchellianum) ,  purple  fringed  orchid  (Platanthera 
psychodes) ,  Roan's  rattlesnake  root  ( Pr enant he s  roanens is),  and  Clingmans 
rough  hedgenettle  (Stachys  clingmanii) . 
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CONCLUSIONS 

1.  The  grassy  balds,  despite  occupying  only  ca  .015  percent  of  the 
GRSM  landscape,  support  293  species  of  vascular  plants  {2k%   of  the  GRSM  flora.) 

2.  Of  15  rare  GRSM  plants  found  on  grassy  balds,  only  the  following 
taxa  are  restricted  to  grassy  balds  in  GRSM:   Helianthemum  bicknellii, 
Rhododendron  bakeri ,  Rhododendron  viscosum  var.  montanum,  the  Rhododendron- 
hybrid  complex  of  Gregory  Bald,  and  Salix  humilis  var.  microphylla. 

3.  The  park's  grassy  bald  flora  is  patchily  distributed.   This 
heterogeneity  means  that  managing  only  a  few  of  the  balds  will  result  in 
species  loss  from  the  balds  flora.   However,  Gregory  Bald  is  the  most  diverse 
bald  and  has  the  highest  number  of  rare  species;  management  of  Gregory  Bald 
will  remove  any  known  threat  of  extirpation  due  to  woody  plant  succession. 

Population  monitoring  of  rare  species  will  be  required  to  be 
certain  of  future  florist ic  change.   The  available  data  base  allows  overall 
patterns  to  be  determined,  but  has  several  sources  of  sampling  error. 

5.  The  species/area  relationship  for  the  five  most  studied  balds 
does  not  show  insularity  in  the  sense  of  MacArthur  and  Wilson  (1967). 

6.  The  peak  flowering  display  on  grassy  balds  probably  occurred 
20-UO  years  after  grazing  ceased.   Peak  species  richness  occurred  ca  20-60 
years  after  grazing  ceased. 

7.  Two  extirpations  apparently  have  occurred  on  GRSM  grassy  balds: 
Helianthemum  bicknellii  and  Geum  radiatum.   Geum  radiatum,  however,  is  extant 
in  GRSM  at  a  non-grassy  bald  locale. 

8.  Although  a  number  of  endemic  species  are  found  on  grassy  balds, 
only  Rhododendron  bakeri ,  Rhododendron  viscosum  var.  montanum,  and  the  hybrid 
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azalea  complex  are  limited  to  the  balds.   The  flora  is  unrelated  to  the  above- 
treeline  alpine  floras  of  New  England  and  farther  north.   The  composition  of 
the  grassy  bald  flora  itself  lends  little  support  to  theories  of  a  natural 
origin  for  the  gasssy  balds.   Species  unique  to  the  balds  form  only  a  small 
part  of  the  GRSM  balds  flora;  furthermore,  these  species  are  present  only  on 
three  of  the  eighteen  balds  discussed  here. 
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APPENDIX  I 
THE  GRSM  GRASSY  BALD  FLORA. 

Sources  of  records  are  given  in  the  text. 

Abbreviations; 

"OBS"  =  species  number  in  Appendix  tables. 

"Species"  =  6-letter  species  code  used  in  GRSM  computer  programs 

Balds  are  identified  as: 

"A"  =  Andrews  Bald 

"G"  =  Gregory  Bald 

"Sp"  =  Spence  Field 

"P"  =  Parsons  Bald 

"S"   =  Silers  Bald 

"R"   =  Russell  Field 

"T"   =  Thunderhead  Mountain 

"H"  =  Hemphill  Bald 

"LG"  =  Ledge  Bald 

"L"  =  Little  Bald 

"MS"  -  Mount  Sterling 

Time  Periods: 

1  =  1930-19U5  3  =  1960-1970 

2  =  1950-1960  k   =  1970-present 
Presence  =  "l"  in  the  data  matrix 

Absence  =  "."  in  the  data  matrix 
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As  the  Nation's  principal  conse 
Department  of  the  Interior  has  respo 
our  nationally  owned  public  lands  an 
This  includes  fostering  the  wisest  u 
water  resources,  protecting  our  fish 
ing  the  environment  and  cultural  val 
parks  and  historical  places,  and  pro 
ment  of  life  through  outdoor  recreat 
assesses  our  energy  and  mineral  reso 
assure  that  their  development  is  in 
all  our  people.  The  Department  also 
bility  for  American  Indian  reservati 
people  who  live  in  island  territorie 
stration. 


rvation  agency,  the 
nsibility  for  most  of 
d  natural  resources, 
se  of  our  land  and 

and  wildlife,  preserv- 
ue  of  our  national 
viding  for  the  enjoy- 
ion.  The  Department 
urces  and  works  to 
the  best  interests  of 

has  a  major  responsi- 
on  communities  and  for 
s  under  U.S.  admini- 


